Introduction

Goals:
To determine the acoustic correlates of primary and secondary stress in Tongan.
To use these acoustic cues in determining whether syllable fusion occurs.
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Background: Tongan basics
Five vowels: /i, e, a, o, u/.
Stress assignment (Churchward 1953; Feldman 1978 ) is the following:
Primary stress is moraic trochee at right edge.
Secondary stress depends on morphology, but in our words will be left-edge trochees.
E.g., maemaeni
[ˌmaemaˈeni] 'somewhat withered-DEM' E.g., pēpeeni
[ˌpeepeˈeni] 'baby-DEM'
Background: Syllable fusion
Vowel sequences (and "long" vowels) Certain vowel sequences, notably those for which the second vowel is higher than the first (e.g. ai, ei) may become one syllable, resulting in a diphthong. Identical vowels are also said to fuse into a long vowel (Churchward 1953; Feldman 1978; Poser 1985; Schütz 2001 *Ko e me'alelé kulokula (Anderson & Otsuka, 2006) 
Does fusion occur?
Tongan's role in the argument against serial grammars crucially relies on the syllable fusion process. But the data gathered so far have been impressionistic. There is also disagreement as to whether fusion occurs at all.
AND no one says what fusion would even sound like or how you would otherwise know it has occurred. This study looks for empirical evidence for syllable fusion in Tongan.
We will argue that "fusing" sequences have a different phonetic realization than non-fusing sequences, but there is little evidence for a phonological rule.
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Stress and fusion
If syllable fusion occurs, fused sequences and non-fused sequences should have a different syllabification. Stress should be associated with both vowels in a fused sequence:
10 Stress cues should be found throughout the sequence in fusing sequences.
Background: Stress correlates
Common acoustic correlates of stressed syllables are greater pitch and intensity, longer duration, vowel quality differences (e.g., Gordon & Applebaum 2010).
Greater spectral tilt (i.e., difference in voice quality) has also been found to be a cue to stress (Sluijter & van Heuven 1996) .
Correlates of secondary stress may differ from those of primary stress (e.g., Adisasmito-Smith & Cohn 1996). 
Statistical analysis
We ran a linear mixed-effects model for each measure, with stress (primary vs. none) as a fixed effect and random effects for speaker, word, repetition and vowel.
Post-hoc by-vowel analysis were run for the significant measures using the same LME model, but over each vowel individually.
14 Results for primary stress Logistic mixed-effects model was run, with all the acoustic measures as fixed effects, and repetition, vowel quality, word, and speaker as random effects. Target words were same as for experiment 1 (primary stress correlates), but with a CV suffix, usually -ni, attached. These suffixed words form a prosodic word (Kuo & Vicenik 2010) .
Same carrier as in Expt 1.
10 words used for each vowel, 3 tokens each, for a total of 1326 tokens.
Same labeling and analysis method as in Expt 1.
24
Secondary stress results
Significant main effects for F0, energy, and duration.
Duration was longer for unstressed vowels than for vowels with secondary stress BUT secondary-stressed vowels were always word-initial, so potential confound However, in some languages, stressed vowels have been found to be shorter (Gordon & Applebaum 2010) 
F0 in secondary stress
Vowels of all qualities have higher mean F0 when stressed by about 9 Hz, p < 0.0001. What are the best predictors of secondary stress?
Logistic mixed-effects model was run, with F0 and energy, and repetition, vowel quality, word, and speaker as random effects.
F0 was best predictor (p < 0.0001), followed only by Energy (p = 0.08) Have a later pitch peak (corresponding to one stress assigned throughout) rather than a pitch target on the first vowel only pitch peak in Tongan is at the end of the syllable (Kuo & Vicenik, 2010) .
The second vowel of a fusing sequence should show cues of stress.
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Expt 3: Syllable fusion
Method
Data from the same speakers as in Expts 1 and 2.
For primary stress: ˈCVV words compared with ˌCVVCVˈVCV words
We compared falling sequences (e.g. ai) and corresponding rising ones (e.g. ia) across words.
Same carrier as before.
Sequences: ai (ia), au (ua), ae (ea), ao (oa), ei (ie), eu (ue), oi (io), ou (uo)
Approx. 3 words used for each sequence examined, 3 reps each, for a total of ~550 tokens.
What happens when primary stress falls on V2 of a sequence?
F0 peaks occur towards end of sequenceOther differences?
We did similar analyses (contours, V2 comparisons) for our other stress correlates little to no difference between potentially fusing and non-fusing sequences Also, no difference in duration for, e.g., ai and ia.
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Discussion
Various scholars (Churchward, Feldman, Poser, Schütz, us) hear a difference between fusing and non-fusing sequences.
What are we hearing?
There are acoustic differences between fusing and non-fusing sequences:
F0 contours suggest yes (for /ai, au/) Other measures (mainly F1) suggest all lowerto-higher sequences are different.
